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Although almost every organ has been considered the main site of antibody 
formation, as determined by quantitative titrations of tissue extracts of actively 
immunized animals, this question is still a matter of controversy. 
There is evidence that the spleen, macrophage system, lymphatic tissue, and hema- 
topoietic organs are concerned with the formation of immune antibodies (1).  Pfeiffer 
and Marx (2) and van Emden (3) injected rabbits subcutaneously with killed  cultures 
of choleravibHos or with living cultures of Bacterium aerogenes and detected agglutinins 
for these antigens in the spleen, bone marrow, lymph nodes, and liver before they ap- 
peared in  the circulating blood.  Jatta  (4),  experimenting with typhoid and colon 
bacilli, found the agglufinin titre of saline extracts of the spleen to be higher than that 
of the serum; at a later period, however, the titre always was higher in the serum. 
On the other hand, Kraus and Schiffmann  (5) concluded from their studies that preci- 
pitins and agglutinins are probably formed in the circulating blood.  Hektoen (6) 
studied the effect of x-rays on the production of antibodies.  His results "harmonize 
with  the  view that  antibodies  are produced  in  the  spleen,  lymphatic tissues  and 
marrow."  He also found that splenectomy had a depressing  effect on the formation 
of antibodies in the dog, but that complete removal of the stomach did not interfere 
with the development of agglufinins for rat corpuscles (7).  Jones (8) injected rabbits 
intravenously with killed  hog cholera bacilli  and found the concentration of agglu- 
tinins to be higher in the liver than in the blood or other organs.  According to Topley 
(9), the spleen is concerned  with the fixation of antigen and with the elaboration of 
antibody or "some intermediate product."  McMaster and Hudack (10) fouhd that 
agglutinins were formed within the draining lymph nodes of mice, following the intra- 
dermM injection of killed  paratyphoid B bacilli.  Recently, Ehrich and Harris (11) 
reported that agglufinins  for typhoid bacilli  and hemolysins  for sheep erythrocytes 
were formed in the draining popliteal lymph nodes of rabbits that had received the 
homologous  antigen subsutaneously into their hind  legs.  The appearance of anti- 
bodies was preceded by a sharp rise in the output of lymphocytes through the efferent 
lymph, and the lymph nodes showed hyperplasia. 
Local antibody formation in the skin at the site of inoculation  has been repeatedly 
observed  (Cannon  and  Pacheco  (12),  Cannon  and  Sullivan  (13),  Fernbach  and 
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H~issler  (14),  Westwater  (15)).  On  the  other  hand,  Neuhaus  and  Prausnitz  (16) 
found that no agglutinins and bacteriolysins were formed in the skin of rabbits that 
had  received intracutaneously killed cholera vibrios.  Fernbach  and  Hepner  (17) 
reached the conclusion that after intracutaneous inoculation antibodies were formed 
in the spleen and not in the skin, though previously Fernbach and Hiissler (14)  had 
found them in more abundance in the skin.  Westwater's well controlled experiments 
(15)  indicate that  complement fixing antibody is produced at the site of injection 
when heat-killed tubercle bacilli in oil are introduced into the skin.  However, "The 
data presented do not exclude the possibility of antibody formation at sites other than 
the skin lesions" (15). 
The following experiments were undertaken to determine the site of antibody 
formation in rabbits following intracutaneous injections of pneumococcus or of 
streptococcus  vaccine.  As far  as  we  could  ascertain,  no  studies  have  been 
published using vaccines from these microorganisms. 
Method 
Animals.--Male albino rabbits, weighing from 2000  to 2500 gm., received a single 
or repeated intracutaneous injections of pneumococcus or of streptococcus vaccine. 
Vaccines.--The  sediment of  18  hour  broth  cultures of Streptococcus hemolyticus, 
strain AB 13, and of a Type I pneumococcus were resuspended in saline equal in volume 
to 1/10 or to 1/60 of the volume of the  culture.  The vaccines resuspended in 1/60 
the original volume will be designated as "concentrated" vaccines.  The suspensions 
of streptococci were killed with 0.2  per cent formalin, those of pneumococci were 
kept in a water bath at 56°C. for one hour.  After removal of the hair with an electric 
clipper, 0.1 cc. of the vaccine was injected intracutaneously into the flank. 
Bacterial Suspensions for Agglutination  Tests.--Sediments from cultures of strepto- 
cocci and pneumococci were resuspended in a volume of saline ~  that of the volume 
of the culture and killed in a water bath at 56°C.  for one hour. 
Antigens for Precipitin  Reactions.--The  streptococcus and pneumococcus nucleo- 
protein preparations were the same as those previously described (18) ; they were used 
in dilutions of from  1:10 to 1:200.  Commercially available pneumococcus Type I 
carbohydrate (Lederle) in a 1 : 100,000 dilution with saline was also used for precipitin 
reactions to titrate antibodies in blood serum and in saline extracts of the organs. 
Organ Extracts.--A  weighed sample of each tissue was minced with fine scissors, 
ground in a mortar, and suspended in a volume of saline equal to three times its weight. 
Although no direct quantitative comparison can be made between the titres of serum 
and tissue extracts because the dilutions of the serum were not equivalent to the same 
dilutions of extracts from organs, it is possible to compare the antibody titres observed 
in a similar organ at different periods during the experiment.  The suspensions were 
kept in the ice box for 3 to 5 days and then cleared by repeated centrifugalization. 
In some experiments the tissues were extracted after freezing and sectioning with a 
microtome, as described by Westwater (15). 
Titration of Agglutinins.--One-half of a cubic centimeter of blood serum or of organ 
extracts was diluted serially in saline and mixed with 0.5 cc. of the bacterial suspen- 
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minutes (19) and resuspended in the supernatant fluid.  Agglutination was recorded 
as  positive  only  when visible  in the gross.  Each blood serum was tested in final 
dilutions ranging from 1:2 to 1:640 and each organ extract in final dilutions from 
1:5 to 1:640. 
Titration of Precipitins.--Similar  serial  dilutions  of the  blood serum  and  organ 
extracts were mixed with pneumococcus carbohydrate and centrifugalized.  The sera 
and organ extracts in a final dilution of 1 : 6 were tested with increasing dilutions of 
streptococcus  or  of  pneumococcus  nucleoprotein.  Spontaneous  precipitation  fre- 
quently occurred in the saline controls of tissue extracts during the period of incuba- 
tion  and  prevented  the  recognition  of  precipitins  for  nucleoproteins.  When 
centrifugalization  could be used  for the detection  of agglutinins  and  carbohydrate 
precipitins, such spontaneous reactions rarely occurred. 
Antibodies  in Rabbits Following Intracutaneous  Injections of Vaccines 
Antibodies were titrated in the blood serum and in 8 different organ extracts 
of  58  rabbits  that  had  been  injected  intracutaneously  with  pneumococeus 
vaccine,  and  of 28 rabbits  that had similarly received streptococcus vaccine. 
The  blood  and  tissue  extracts  of 6  untreated  rabbits  were  tested  for the 
presence of antipneumococcus antibodies.  The agglutination and the precipi- 
tation reactions with carbohydrate and nucleoprotein fractions were negative. 
Similarly,  the blood and tissue extracts of 6  normal rabbits were tested for 
the presence of antistreptococcus antibodies.  Neither agglutinins nor precipi- 
tins  were  found. 
Experiments with Pneumococcus Vaccines.- 
The first group of 25 rabbits (Table I) received repeated intracutaneous injections 
of heat-killed  pneumococci.  Rabbits  1 to 8 were injected daily for 3 to 6 days and 
killed from 9 to  20  days  after  the first  injection.  The  remaining animals received 
2 to 4 courses of 6 injections over a period of from 20 to 48 days.  Fourteen  rabbits 
were killed  from 25 to 54, and 3 animals from 80 to 121 days after the first injection. 
The time which elapsed between the last injection and  the death varied from  3  to 
73 days. 
The second group of 12 rabbits (Table II) received from 3 to 18 similar  injections 
over a period of from 3 to 21 days, and 2 of them received 18 injections during 28 
days.  The rabbits of this group were killed 24 hours after the last injection. 
The  figures  recording  the  agglutinin  titres  for pneumococci and  the  precipitin 
titres  with  the carbohydrate fraction are the highest dilutions of serum and tissue 
extracts  that  produced  reactions.  Those  recording  the  precipitin  titres  with  the 
nueleoprotein fraction are the final dilutions of the antigen that produced precipitates. 
In the majority of instances high antibody titres were found in the liver and 
spleen a  few days after the intracutaneous  injections  of the antigen  (Tables  I 
and II).  No circulating antibodies were detected during this period.  The bone 
marrow also frequently contained antibodies prior to their appearance in the cir- 
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the site of the injection of the antigen into the skin after approximately 3 weeks, 
and they reached their highest titres in blood and injected skin approximately 6 
TABLE  I 
Antibody  Titre of Blood Serum  and  Organ  Extracts  of Rabbits  after Repeated  Intracutaneous 
Injections of Pneumococcus  Vaccine 
[  ~  ='~  ~  Antibody titre (final  dilution) of 
i  ~  Injected  Liver  Spleen  Bone  I  r,=  Serum  skin  marrow  Kidney 
!  No.  of  injections  -~ =o 
.-~.= 
-.~  A  P  NP A  P  NP  A  P  NP  A  P  NP  A  P  NP  A  P  NP 
days 
3during  3days  9  0  0  0  0  0  O  0  0  0  0  0  0  0  0  0  0  0  0 
3  "  3  "  10  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  00 
3  "  3  "  11  0  0  0  0  0  O  10  20  0  0  0  0  0  0  0  0  00 
6  "  6  "  12  0  0  0------40  0  030  0  10  0  0  0 
6  "  6  "  12  0  0  0------  10  0  0  0  0  0  0  0  0  0  00 
6  "  6  "  19  2  0  0  0  0--  0  0  0  0  0  020  0  0  0  0  0 
6  "  6  "  20  2  0  0-  0--20  0  010  0  020  0  0i10  0  0 
! 
6  "  6  "  20  2  0  0  0  0  0  20  10  020  0  010  0  0  0  00 
12  "  20  "  25  40  2  0  10  0  10  10  0  040  20  0  0  0  10 10  0  0 
12  "  20  "  25  80  2  0  20  10  0  20  0  020  0  0  0  0  0  0  0  0 
12  "  20  "  26  0  0  10------20  40  10010  0  0  0  0  5040  20  0 
12  "  20  "  26  0  0  0------16040  10080  40  040  0  10  0  0  0 
12  "  20  "  27  10  0  0  20  0  0  10  0  010  0  0  0  0  010  0  0 
12  "  20  "  27  20  2  0  10  0  O  0  0  0  0  0  0  0  0  010  0  0 
18  "  34  "  37  20  2  0  0  0  0  10  0  010  0  0  0  0  010  0  0 
18  "  34  "  i 37  10  0  0  10  0  O  0  0  0  0  0  50  0  0  0  0  0  0 
18  "  34  "  40  80  0  0------80  40  0  0  0  20040  20  0  0  0  0 
18  "  34  "  40  2  0  0------  0  0  020  20  10020  0  040  0  0 
18  "  34  "  41  40  0  10  40  0  C  0  0  0  0  0  010  0  5020  0  0 
18  "  34  "  44  160  20  10160  10  C  10  0  0  0  0  010  0  020  0  0 
24  "  48  "  54  40  0  0  40  0  C  10  0  20020  20  20040  0  200  0  00 
24  "  48  "  54  20  0  0  10  0  0  40  40  20020  0  010  0  0  0  0  0 
24  "  48  "  80  20  0  0  20  0  0  20  40  020  20  --20  0  --0  00 
~24  "  48  "  121  10  0  0  10  0  010  20  --0  0  0  0  0  0 
24  "  48  "  121  2  0  0------0  0  0:10  0  --0  0  010  0  0 
The following abbreviations have been employed: A signifies agglutinin.  P  signifies pre- 
cipitin  with  carbohydrate fraction.  NP  signifies  precipitin with  nucleoprotein fraction. 
signifies no test was made. 
weeks after the first intracutaneous injection.  During  the period from 3  to 
6  weeks, the antibody titres of the blood and of the extracts from the site of 
the injection into the skin, the liver, spleen, and bone marrow usually showed 
but slight differences.  The extracts from the kidney also contained antibodies 
at this time.  When the interval between antigen injection and antibody titra- PAUL  Y.  DEGARA  AND  D. MURRAY  ANGEVINE  31 
tion was further increased to 2 to 4 months, the titres of the blood and of the 
organ extracts declined.  No antibodies were detected in extracts from regional 
lymph nodes and from non-injected parts of the skin. 
Essentially the same observations were made in the second group of rabbits 
killed 24 hours after the last of 3  to  18 daily injections.  In this group  the 
antibodies were again first detected in liver, spleen, and bone marrow.  The 
blood showed its highest titre (1:10) between the llth and 15th day after the 
first injection.  Subsequently the antibody titre decreased more rapidly in the 
TABLE II 
Antibody  Titre  of Blood  Serum  and  Organ  Extracts  of Rabbits  after  Repeated  Intracutaneous 
Injections of Pneumococcus  Vaccine 
1 
2 
3 
4 
5 
6 
7 
8 
9 
[0 
tl 
[2 
No. of  injections 
3 during  3 
3  "  3 
6  "  7 
6  "  7 
9  "  10 
9  "  10 
12  "  14 
12  "  14 
18  "  21 
18  "  - 21 
18  "  28 
18  "  28 
Inter- 
val 
be- 
tween 
first 
injec-  -- 
tion 
and 
death 
days 
days  4 
"  8 
"  8 
"  11 
"  11 
"  15 
"  15 
"  22 
"  22 
"  29 
"  29 
Serum 
A  P 
2 
10 
10 
10 
10 
2 
2 
2 
2 
Antibody titre (final dilution) of 
Injected 
skin 
AP 
0  0  0 
0  0  0 
0  0 
0  10  0 
0  0  0 
0  0  0 
0  20  20 
0  0  0 
0  20  0 
0  10  0 
2  20  0 
Liver 
A  P 
10  0 
20  0 
10  0 
4O  40 
20  0 
10  0 
20  0  ...... 
40  40 
4O  0 
20  0 
Spleen 
A  P 
20  2O 
10  10 
0  0 
0  0 
0  0 
il0  0 
Ilo 
--  --  20  0 
10  0 
0  -- 
4O  0 
--  --120  0 
Bone  Kidney  Store- 
marrow  ach 
A  P  A  P  A  P 
0  0  0  0  0  0 
10  10  0  0  0  0 
20  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
20  0  0  0  0  0 
10  0  0  0  0  0 
10  0  0  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
20  0  0  0  0  0 
blood than in the extracts from injected skin, spleen, liver, and bone marrow. 
No antibodies were found in the kidney or in the anterior wall of the stomach. 
Because it was thought that repeated antigenic stimuli might interfere with the 
mechanism of antibody formation especially at the site of the injection of the antigen 
into the skin and in the draining lymph nodes, a  third group of  21 rabbits was given 
one intracutaneous injection of  "concentrated" pneumococcus vaccine, equivalent 
to the total amount of 6 injections given to the previous groups.  Two to 4 rabbits 
were killed after 5,  12,  19, 26, 33, and 40 days, respectively.  The agglutinin titres 
of the serum and tissue extracts are shown in Table III.  The precipitin titres were 
always negative. 
In this group (Table III), the agglutinin titres of the spleen and the bone 
marrow 5 days after the injection were considerably higher than those of the 32  SITE OF  ANTIBODY FORMATION 
serum.  Agglutinins were also detected in extracts from the site of the injec- 
tion into the skin in one animal and in those from the draining lymph nodes in 
two instances, but the titres were lower than those of the spleen and the bone 
marrow.  After 12 days the titres of the spleen, liver, bone marrow, and in- 
jected parts of the skin were higher than those of the serum and the kidney. 
No antibodies were detectable in the lymph nodes and in the anterior wall of 
TABLE III 
Antibody  Titre of Blood Serum and Organ Extracts of Rabbits after One IntracuZaneous Injection 
of Pneumococcus Vaccine 
Agglutinin  titre  (final dilution)  of 
Rabbit 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
Serum  jected 
skin 
0  0 
0  0 
2  0 
5  5 
2  20 
10  20 
2  10 
0  0 
40  40 
20  320 
40  320 
10  10 
2  -- 
2  10 
20  20 
0  10 
0  0 
0  -- 
0 
0  0 
0  0 
Liver 
0 
0 
0 
20 
0 
20 
0 
0 
10 
10 
10 
0 
0 
0 
0 
0 
Splee 
0 
10 
10 
0 
10 
0 
40 
0 
0 
20 
10 
10 
10 
20 
0 
10 
.0 
10 
5 
0 
0 
:  lone 
m  ~rrow 
10 
0 
20 
10 
0 
10 
20 
0 
0 
10 
10 
0 
0 
10 
5 
0 
0 
10 
5 
0 
0 
K  ~ney 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1  Lymph 
Stomach 
in  ed  nodes 
0  0 
0 
--  5 
--  5 
0 
--  0  -- 
0  --  0 
--  0  -- 
--  0  0 
0  0  0 
0  0  0 
--  0  -- 
0  --  -- 
10  0  0 
0  0  0 
--  0  0 
--  0  0 
0  --  0 
0  0  0 
0  0 
--  0  0 
the  stomach.  The  blood  serum  reached  its  highest  titre  approximately 3 
weeks after the intracutaneous  injection of the vaccine.  At this time the titres 
of the organs were somewhat  lower than those of the serum.  However,  the 
extracts from the injected parts  of  the skin contained antibodies in high or 
moderately high titre in three instances.  No antibodies were detected in the 
lymph nodes.  An almost uniform decline of the antibody titres of the blood 
and the organ extracts was found at the examination after 26 days.  However, 
after 33 days, the extracts from 3  organs, namely, spleen, bone marrow, and 
injected skin still contained antibodies, but none were detected in the serum PAUL  F.  DEGARA  AND  D.  MURRAY  ANGEVINE  33 
and in other organs.  After 40 days no antibodies were found in any material. 
Extracts  from  non-injected  parts  of  the  skin  never  contained  detectable 
amounts of antibody. 
The relation of the average agglutinin titres of the serum and of the extracts 
from various organs of these rabbits to the time interval between the injection 
of  the  antigen  and  the  titrations  of  the  antibodies  is  shown graphically  in 
Text-figs. i  and 2.  The curve of the serum is presented in both figures in order 
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TEXT-~IG.  1.  Average agglutinin titre of blood serum and of extracts from spleen, 
liver, bone marrow, kidney, and anterior wall of the stomach of 21 rabbits following 
one intracutaneous injection of pneumococcus vaccine. 
to facilitate a comparison of the results.  It will be seen that the titres of the 
extracts from spleen,  liver,  and bone marrow  were higher than those of  the 
serum and of the extracts from the kidney and from the stomach wall during 
the first  12  days following  the  injection of  the  antigen  (Text-fig.  1).  It  is 
significant that antibodies were found in the extracts from the kidney and from 
the stomach wall only at a time when they were present in abundance in the 
blood serum,  while highly diluted extracts  from  the spleen,  liver,  and bone 
marrow contained antibodies also at a  time when the titre of the serum was 
low or zero (Text-fig.  1).  The average agglutinin titres of the extracts from 
the site  of  the injection of the antigen  into the skin were  almost  uniformly 34  ¸  SITE  OF  ANTIBODY  FORMATION 
higher than those of the serum (Text-fig. 2).  The antibody titre  of  the  ex- 
tracts from the lymph nodes was higher than that of the serum only during the 
first days following the injection of the antigen into the skin but it was negative 
after 12 or more days (Text-fig. 2). 
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TEXT-FIG. 2.  Average agglutinin titre of blood serum, of extracts from skin at the 
site of the injection of the antigen, and of extracts from draining lymph nodes of 21 
rabbits following one intracutaneous injection of pneumococcus  vaccine. 
Experiments with Streptococcus Vaccines.-- 
A group of 16 rabbits (Table IV) was given repeated intracutaneous injections of 
formalin-killed  hemolytic streptococci.  The procedure followed closely the method 
used in the first group of rabbits injected with killed pneumococci.  Twelve rabbits 
were killed from 17 to 59 days after the first injection,  and the remaining 4 after 80 
to  113 days.  The antibody titres of the blood serum and of extracts of organs are 
shown  in Table IV. 
The results in this group were very similar to those obtained in the groups 
injected  with  pneumococcus vaccines.  Antibodies  usually  appeared  first  in 
the liver,  spleen,  injected part of the skin,  and bone marrow.  Of 8  rabbits 
examined within  the first 26 days,  6  had antibodies in  extracts from one or 
several of these organs, but not in the blood.  After 47 to 59 days the highest PAUL  F.  DEGARA AND  D.  MURRAY  ANGEVINE  35 
TABLE  IV 
Antibody  Titre of Blood Serum  and Organ  Extracts of Rabbits after Repeated Intracutaneous 
Injections of Streptococcus  Vaccine 
d 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
No. of injections 
3 during  3 days 
3  "  3  " 
6  "  6  " 
6  "  6  " 
6  "  6  " 
6  "  6  " 
12  "  20  " 
12  "  20  " 
18  "  34  " 
18  "  34  " 
24  "  48  " 
24  "  48  " 
12  "  20  " 
12  "  20  " 
12  "  20  " 
24  "  48  " 
Inter 
val 
be- 
tween 
first 
injec- 
tion 
and 
death 
days 
17 
17 
17 
17] 
26 
26 
26 
26 
47 
47 
59 
59, 
80 
80 
113 
113 
Antibody titre (final dilution)  of 
Serum  "-~  kin ~  S. 
A  NI  A  NI 
0  0  20  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
40  0  0  -- 
0  0  0  -- 
0  0  160  0 
0  0  80  0 
640  50  540  10 
640  100  320  10 
640  50  320  -- 
640  0  320  0 
0  0  10  0 
0  0  40  0 
0  Oi  0  -- 
0  0  320  -- 
0 
0 
0 
0 
0 
0 
0 
0 
O 
0 
C 
0 
0 
0 
Kidney 
A  NP 
20  0 
0  0 
0  -- 
0  0 
0  0 
0  0 
0  0 
0  0 
40  0 
80  0 
80  0 
80  0 
0  0 
0  0 
I0  0 
40  0 
TABLE  V 
Antibody Titre of Blood Serum and Organ Extracts of Rabbits after One Intracutaneous Injection 
of Streptococcus  Vaccine 
Agglatlnin titre (final dilution) of 
Rabbit 
Skin  Lymph  No.  Bone  Kidney  not 
marrow  iniected  nodes 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Interval 
between 
injection 
and death 
days 
10 
10 
19 
19 
29 
29 
42 
42 
52 
52 
65 
65 
Serum  Injected 
skin 
20 
0 
10 
20 
10 
0 
0 
.~r  Spleen 
40 
40 
10 
10 
20 
10 
5 
10 
0 
10 
20 
0 
20 
40 
10 
5 
5 
5 
5 
0 
0 
5 
0 
5 
10 
10 
0 
10 
10 
5 
5 
5 
0 
0 
;omach 
0  0 
0  0 
5  0 
0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
fl 
5 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 36  SITE  OF  ANTIBODY  FORMATION 
antibody titres were found in the blood and in the injected parts of the skin 
and moderately high  titres were detected in the other organs.  This period 
was followed by a  sharp  decline of the antibody titres which was especially 
marked in the blood.  No antibodies were detected in the extracts from lymph 
nodes and from non-injected parts of the skin. 
Finally, a group of 12 rabbits (Table V) received one intracutaneous injection of 
"concentrated" streptococcus vaccine, equivalent to the total amount of 6 injections 
given to the group shown in Table IV.  Two rabbits were sacrificed after 10,  19, 
29, 42, 52, and 65 days, respectively.  The results  obtained in this group are given 
in  Table  V. 
The agglutinin titres of the injected parts of the skin, the liver, spleen, and 
bone marrow were again considerably higher in one or more of these organs 
than those of the blood.  The kidney of  several  animals  also contained ag- 
glutinins, but the titres were usually lower than  those of  other  tissues.  In 
two instances,  agglutinins were detected in the  lymph  nodes and in one in- 
stance in  the anterior wall of  the stomach.  The  non-injected  parts  of  the 
skin never contained detectable amounts of antibody. 
R~SUMI~  AND  DISCUSSION 
Antibody  studies of the blood serum and  of saline extracts from various 
tissues showed that essentially similar results were obtained following a single 
or repeated intracutaneous injections of the pneumococcus or of the streptoco- 
cus vaccines.  Differences between the antibody response at the site of the 
injection into the skin and in the regional lymph nodes after a single injection 
of the antigen and that following its repeated introduction were noted. 
Antibodies were frequently present in the extracts from injected parts of the 
skin S to 12 days after a single injection; at this time the titre of the circulating 
antibodies was very low.  Following repeated intracutaneous injections, anti- 
bodies became detectable in extracts from the injected parts of the skin usually 
25 days after the first injection of the homologous vaccine.  Apparently, re- 
peated injections of the antigen may neutralize the locally formed antibody 
during the first weeks and thus interfere with their detection until an excess of 
antibody is produced.  This hypothesis is in agreement with a  suggestion by 
Freund and Opie (20) that antibodies are detectable only if present in a "meas- 
urable excess." 
In extracts from regional lymph nodes, antibodies were found only in four 
instances during the first days after the single intracutaneous injection of a 
"concentrated" vaccine.  The titre was low.  No antibodies were detected in 
these tissues when examined at longer intervals after the injection of the anti- 
gen, nor were they found in animals that had received repeated injections of 
the vaccines.  Formation of antibodies apparently takes place in the draining 
lymph nodes but only during the first days after the injection of the antigen. PAUL  ZF. DEGARA  AND  D. MURRAY  ANGEVINE  37 
Our inability to detect them in the lymph nodes of rabbits that had received 
repeated intracutaneous injections of vaccine may, perhaps, be explained by 
the presence of an excess of antigen.  However, our failure to detect antibodies 
in  lymph nodes more frequently may have been due to the examination of 
highly diluted material.  In some experiments the "draining"  nodes were not 
examined (10). 
Antibodies were also frequently found within  5  to  12  days after a  single 
intracutaneous injection of vaccine in extracts from the spleen, liver, and bone 
marrow of rabbits.  During this period, the titre of the circulating antibodies 
was zero or considerably lower than  the antibody titre of these tissues  (see 
Text-fig. 1).  Similar results were obtained with extracts of the same organs of 
rabbits that had received repeated intracutaneous injections of the antigens. 
Since no special effort was made to free the organs of blood, the presence of 
antibodies  in  certain tissues  at  a  time when no circulating  antibodies were 
demonstrable is particularly significant. 
The antibody titres of the blood serum  rose more slowly than those of the 
extracts from the site of the antigen injection into the skin, and of those from 
the spleen, liver, and bone marrow.  The highest serum titres were observed 
approximately 3 weeks after a single, and 6 weeks after repeated injections of 
the vaccines.  Our results are in agreement with those of Goldberg (21), who 
found  the highest  agglutinin  titre  in  the  serum  of rabbits  approximately 6 
weeks after repeated subcutaneous injections of Bacterium typhosum, and with 
those of Dean and Webb (22), who obtained the highest precipitin titre in the 
serum of rabbits approximately 2 to 3 weeks after a  single intravenous injec- 
tion of horse serum.  In our experiments the titre of the serum was usually 
lower than the titre of extracts from one or several of the following organs: 
spleen, liver, bone marrow, injected parts of the skin; frequently no antibodies 
were detected in the blood at a time when they were present in highly diluted 
extracts  from  these  tissues. 
Antibodies in low titre were occasionally present in extracts from kidneys and 
in those from the anterior wall of the stomach.  The presence of antibodies in 
extracts from these organs usually coincided with their presence in the circulat- 
ing blood and it may be assumed that they were carried with the blood to these 
organs and not formed within them. 
In no instance were antibodies found in extracts ~rom parts of the skin which 
had not received injections of the antigen.  Therefore, the presence of anti- 
bodies in the extracts from injected parts of the skin must be the result of their 
formation at the site of the injection. 
Our results indicate that there are at least ~hree phases of antibody response 
in rabbits following intracutaneous injections of pneumococcus or of strepto- 
coccus vaccine.  During the first phase, a few days after the injection of the 
antigen, high antibody titres are detectable in certain tissues (site of the injec- 38  SITE OF ANTIBODY  FORMATION 
tion into the skin, spleen,  bone marrow, liver, and possibly regional lymph 
nodes), while the titres of the blood and of other tissues (kidney, stomach wall) 
are  negative or  low.  The  formation of antibodies  takes place  during  this 
period,  presumably,  mainly in  those  tissues  where  they are  found in  high 
titres.  During the next phase the differences between antibody titres in the 
blood and in the organs are slight.  High antibody titres may be found at this 
time in extracts from the injected parts of the skin (see Table III and Text- 
fig. 2).  During the last phase, antibodies are still detectable in some of the 
tissues where they were detected during the first phase, but not in the blood and 
other organs.  The presence of antibodies in certain tissues during this last 
phase may be explained by their continuous local production and by a  with- 
dra.wal and storage of the circulating antibodies. 
These observations give information concerning the site of antibody forma- 
tion in rabbits after intracutaneous injections of killed pneumococci or of killed 
streptococci.  The presence of antibodies at the site of injection into the skin 
as well as in the spleen, bone marrow, l~ver, and occasionally in lymph nodes at 
a time when no circulating antibody was detected cannot be explained by the 
presence  of residual blood in  these organs.  Antibody formation, therefore, 
takes place locally at the site of the introduction of the antigen and following 
the course of its destruction (lymph nodes) and deposition (spleen, liver, and 
bone marrow) in organs that are rich in macrophages.  It is noteworthy that 
with inflammation, cells, including macrophages, accumulate at the site of in- 
jection and in lymph nodes,  and  are  doubtless  chiefly concerned  with  the 
fixation of antigen in spleen, liver, and bone marrow. 
SUMMARY  AND  CONCLUSIONS 
1.  The  antibody  response  of  rabbits  following intracutaneous  injections 
of pneumococcus or of streptococcus vaccines showed three phases. 
(a)  Within 5 to 12 days following a  single injection of pneumococcus or of 
streptococcus vaccine, high antibody titres were detected in extracts from the 
site of the injection into the skin, the spleen, the bone marrow, and the liver. 
Occasionally, antibodies were also found in the draining lymph nodes.  During 
this first phase,  the titre of the circulating antibodies was low or negative. 
(b)  During the next phase, when the interval between antigen injection and 
antibody titrations was prolonged from 2 to 4 weeks, the titres of the blood 
and of the organs showed only slight differences.  High titres were observed 
during this period in extracts from the injected parts of the skin.  (c)  After a 
still longer interval during a third phase of antibody response, the serum titre 
decreased more rapidly than the titre of the extracts from spleen, bone marrow, 
and  injected skin. 
2.  Similar results were obtained in rabbits following repeated intracutaneous 
injections of the vaccines.  In these rabbits, however, antibodies usually were PAUL F. DEGARA AND  D. MURRAY  ANGEVINE  39 
not detected during the first phase in extracts from the site of the injection into 
the  skin.  The  repeated  injections of  the  antigen had perhaps  neutralized 
locally formed antibodies and interfered with their detection until an excess 
of antibodies was produced.  No antibodies were found in the lymph nodes of 
the rabbits that had received repeated injections of vaccines. 
3.  The antibody titre of the kidney, anterior wall of the stomach, and non- 
injected parts of the skin was negative or very low. 
4.  The demonstration of antibodies in extracts from the site of the injection 
of antigen into the skin and their presence in lymph nodes before they are de- 
monstrable in the blood shows that they are formed at the local site of inflam- 
mation.  At the same time antibodies are formed in organs that fix antigen, 
namely in spleen, liver, and bone marrow. 
The authors are indebted to Dr. Eugene L. Opie for his continued  interest and 
suggestions during the course of this work. 
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